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ABSTRACT 

The oblate g r a v i t y  p o t e n t i a l  of a p l a n e t  can be 
u t i l i z e d  t o  b r i n g  a parking o r b i t ,  which i s  i n i t i a l l y  a l igned  
w i t h  a given a r r i v a l  t r a j e c t o r y ,  i n t o  alignment w i t h  a desired 
d e p a r t u r e  t r a j e c t o r y  a t  t h e  end of a s p e c i f i e d  t i m e  i n t e r v a l .  
For p l a n e t a r y  missions w i t h  long s t ay t imes ,  t h i s  technique can 
e l i m i n a t e  t h e  v e l o c i t y  requirements fo r  e f f e c t i n g  t h e  o r i e n t a -  
t i o n  change between a r r iva l  and d e p a r t u r e  d i r e c t i o n s .  I t  i s  
shown t h a t  t h e  a c t u a l  hyperbol ic  excess  v e l o c i t y  v e c t o r  w i l l  
d e v i a t e  from t h e  nominal one depending on the  accuracy t o  which 

t h e  m a s s  parameter ( p )  and ob la t eness  parameter ( a  = J 2 R  1 are 

known. The r e l a t i v e  u n c e r t a i n t i e s  i n  these parameters  f o r  
Mars are d v / p  = + 4.67 x and da/a  = 2.29  x In- 
cremental  ve loc iE ies  f o r  compensating f o r  these u n c e r t a i n t i e s  
a r e  c a l c u l a t e d  fo r  a 1986 Mars conjunct ion  mission w i t h  a 
580 day s tay t ime.  These v e l o c i t i e s  range between 40  and 365 
fps .  
are approximately 0 . 3 %  and 3% of t h e  t o t a l  weight  of t h e  
o r b i t i n g  s p a c e c r a f t .  

2 

The corresponding contingency p r o p e l l a n t  requirements  
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I. INTRODUCTION 

Thibodeau ( R e f .  1) examined a technique whereby t h e  
e f f e c t s  of a p l a n e t ' s  ob la teness  can be u t i l i z e d  so a s  t o  
accomplish t h e  r equ i r ed  o r i e n t a t i o n  change between t h e  approach 
and depa r tu re  asymptotes f o r  p l a n e t a r y  m i s s i o n s  wi th  long s t a y -  
t i m e s .  
predetermined f o r  a parking o r b i t  which w i l l  be a l igned  wi th  
t h e  given approach t r a j e c t o r y  a t  p e r i a p s i s ,  and then exper ience  
appropr i a t e  nodal  and a p s i d a l  r o t a t i o n s  so as t o  be a l i g n e d  
wi th  t h e  d e s i r e d  depa r tu re  t r a j e c t o r y  a t  p e r i a p s i s ,  a l l  i n  a 
f i x e d  t i m e  i n t e r v a l .  

H e  showed t h a t  an  i n c l i n a t i o n  and e c c e n t r i c i t y  can be 

The success  of such a technique depends on t h e  
accuracy of knowledge of t h e  mass and shape (ob la t eness )  
parameters of t h e  p l a n e t .  T h i s  memorandum w i l l  determine 
t h e  s e n s i t i v i t y  of t h e  r e s u l t i n g  d e p a r t u r e  d i r e c t i o n  t o  such 
u n c e r t a i n t i e s ,  and t h e  p r o p e l l a n t  requirements  f o r  c o r r e c t i v e  
v e l o c i t y  impulses.  

11. THE NOMINAL PARKING ORBIT 

L e t  t h e  magnitude and d i r e c t i o n  of t h e  approach 
hyperbol ic  excess  v e l o c i t y  vec to r  be given, as w e l l  as t h e  
d e s i r e d  magnitude and d i r e c t i o n  of t h e  d e p a r t u r e  hyperbol ic  
excess  v e l o c i t y  vec to r .  I n  a d d i t i o n  l e t  t h e  p e r i a p s i s  r a d i u s  
of t h e  park ing  o r b i t  and t h e  s t ay t ime  be given mission para- 
meters. 

The o r i e n t a t i o n  of t h e  park ing  o r b i t  a t  t h e  t i m e  of 
a r r i v a l  can be c a l c u l a t e d  from* 

*See L i s t  of Symbols and Figures  1 and 2. 
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s i n  
w A = a r c s i n  isin ) - eA 

where 

S i m i l a r l y  t h e  o r i e n t a t i o n  a t  depa r tu re  can be c a l c u l a t e d  from 

t a n  6 D  
- aD - a r c s i n  j tan j 'D - 

WD = a r c s i n  (::I - eD 

where 

( 4 )  

(5) 

The assumption here i s  t h a t  t h e  nonspher ica l  p o t e n t i a l  of t h e  
p l a n e t  a f fec ts  t h e  ascending node ( Q )  and argument of p e r i a p s i s  
( w )  b u t  no t  t h e  i n c l i n a t i o n  (i) or p e r i a p s i s  r a d i u s  (r  1 .  

P 
Thus, fo r  any selected i n c l i n a t i o n ,  t h e  r equ i r ed  

nodal  and a p s i d a l  r o t a t i o n s  can be c a l c u l a t e d  from 

A A w = w  - w D 
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I n  p a r t i c u l a r ,  t h e  i n c l i n a t i o n  can be determined from t h e  re- 
quirement t h a t  both of t h e  above r o t a t i o n s  must be accomplished 
i n  t h e  same t i m e  i n t e r v a l ;  i . e .  

S ince  t h e  r e s p e c t i v e  r o t a t i o n  rates are given by 

t h i s  means t h a t  t h e  r equ i r ed  i n c l i n a t i o n  emerges as a s o l u t i o n  
of the t r anscenden ta l  equat ion 

i \ a ( i )  - 2 cos i 
2 

- 
5 s i n  i - 4  m 

Values f o r  i can t h u s  be determined by us ing  equat ions  
(1) , ( 2 ) ,  ( 4 ) ,  ( 5 ) ,  and ( 1 0 ) .  Numerical va lues  f o r  An can  t h e n  
be c a l c u l a t e d  by use  of ( 4 )  and (1). Now t h e  requirement t h a t  
t h e  nodal r o t a t i o n  must t ake  p l ace  s p e c i f i c a l l y  i n  a t i m e  i n t e r v a l  
of l enq th  T, i . e .  

g ives  an equat ion  from which t h e  r equ i r ed  e c c e n t r i c i t y  can be 
c a l c u l a t e d . *  

*Note t h a t  the e c c e n t r i c i t y  can j u s t  as w e l l  be 
c a l c u l a t e d  by cons ider ing  the a p s i d a l  i n s t e a d  of nodal  ro- 
t a t i o n  rate. 
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The r e s u l t  of t h e s e  computations i s  t h a t  a park ing  
o r b i t  w i t h  t h e  parameters i, e ,  rp, RA, uA w i l l  r o t a t e  i n t o  
an o r b i t  wi th  t h e  parameters i, e ,  rp, RD, uD i n  a t i m e  i n -  
t e r v a l  of l eng th  T. This is t h e  essence  of t h e  technique  
desc r ibed  by Thibodeau (Ref. 1). 

111. EFFECTS O F  UNCERTAINTIES 

Assuming t h e  p l a n e t ' s  mass ( p )  and shape ( a )  para- 
meters t o  be known e x a c t l y ,  a nominal sequence of  maneuvers 
might be as follows: a t  a predetermined p o i n t  a long  t h e  
approach t r a j e c t o r y  t h e  speed and d i r e c t i o n  are a d j u s t e d  so 
a s  t o  p l ace  t h e  s p a c e c r a f t  onto a p r e c a l c u l a t e d  p l a n e t o c e n t r i c  
hyperbola.  Upon a r r iva l  a t  p e r i a p s i s  a r e t r o t h r u s t  i s  given 
t o  p l a c e  t h e  s p a c e c r a f t  on to  an e l l i p s e  of t h e  p rope r  eccen- 
t r i c i t y .  A f t e r  a t i m e  i n t e r v a l  of l eng th  T t h e  o r b i t  w i l l  
be so a l i g n e d  t h a t  another  p reca lcu la t ed ,  c o l l i n e a r  t h r u s t  
a t  p e r i a p s i s  p u t s  t h e  s p a c e c r a f t  on to  a hyperbola  which 
aga in  has t h e  d e s i r e d  asymptote. The s p a c e c r a f t  should 
now be on t h e  d e s i r e d  h e l i o c e n t r i c  t r a j e c t o r y . *  

However o u r  knowledge of t h e  numerical  va lues  of 
LI and u i s  imperfec t .  Thus t h e  hyperbola on which t h e  space- 
c r a f t  approaches t h e  p l a n e t  w i l l  be such t h a t  t h e  argument 
and r a d i u s  of p e r i a p s i s  w i l l  d i f f e r  from t h e  nominal va lues  
because t h e  a c t u a l  p l a n e t a r y  mass w i l l  be d i f f e r e n t  from 
t h e  nominal mass. Therefore ,  when t h e  nominal r e t r o t h r u s t  
i s  a p p l i e d ,  t h e  r e s u l t i n g  e l l i p t i c  e c c e n t r i c i t y  w i l l  no t  be 
nominal e i t h e r .  Then, because t h e  a c t u a l  ob la t eness  d i f f e r s  
from t h e  nominal, t h e  o r b i t a l  alignment a t  d e p a r t u r e  t i m e  
w i l l  n o t  be what it w a s  p red ic t ed  t o  be. Now t h e  nominal 
c o l l i n e a r  t h r u s t  a t  p e r i a p s i s  w i l l  p l a c e  t h e  s p a c e c r a f t  
on to  a depa r tu re  hyperbola which w i l l  a l s o  n o t  be t h e  
d e s i r e d  t r a j e c t o r y .  

Formulas a r e  presented  i n  Appendix A by which 
t h e  s e n s i t i v i t i e s  of t h e s e  o r b i t a l  parameters t o  t h e  
r e l a t ive  errors dp/p and d u / u  can be c a l c u l a t e d .  

IV. A CORRECTIVE MANEWER 

As a r e s u l t  of execut ing only t h e  nominal retro- 
t h r u s t  a t  a r r i v a l  and t h e  nominal c o l l i n e a r  t h r u s t  a t  de- 
p a r t u r e ,  t h e  s p a c e c r a f t  i s  now d e p a r t i n g  on t h e  "wrong" 

*Navigation and execut ion e r r o r s  w i l l  no t  be 
cons idered  i n  t h i s  memorandum. 
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t r a j e c t o r y .  S u f f i c i e n t l y  f a r  from t h e  p l a n e t  (such as, a t  
t h e  "sphere of i n f luence" )  t h e  a c t u a l  v e l o c i t y  v e c t o r  w i l l  
d i f f e r  from t h e  nominal asymptotic v e l o c i t y  vector i n  magni- 
tude ,  r i g h t  ascens ion  and d e c l i n a t i o n  by t h e  amounts dV 
daD, and d6D, r e s p e c t i v e l y .  

D'  

AV 

From t h e  accompanying ske tch ,  t h e  magnitude of a 
c o r r e c t i v e  v e l o c i t y  impulse can be c a l c u l a t e d  t o  be 

2 

AV = V D d 2  (l+%) (l-cos daDcos d6 D ) +(?) 
Two comments a r e  i n  o r d e r  here:  F i r s t ,  t h i s  'Icorrgc- 

t ed"  v e l o c i t y  v e c t o r  i s  only p a r a l l e l  t o  t h e  d e s i r e d  v e c t o r  VD. 
However, as numerical  c a l c u l a t i o n s  w i l l  bea r  o u t ,  t h i s  p a r a l l e l  
displacement  i s  ignorab le ,  e s p e c i a l l y  i n  t h e  con tex t  of t h e  
h e l i o c e n t r i c  t r a j e c t o r y .  Second, such an impulsive v e l o c i t y  
change i s  n o t  n e c e s s a r i l y  opt imal .  I n  f a c t ,  a s  a r e s u l t  of 
t r a c k i n g  and o r b i t  determinat ion,  t h e  a c t u a l  error w i l l  be 
known be fo re  depa r tu re  and a non-nominal escape burn w i l l  be  
executed,  poss ib ly  o f f - p e r i a p s i s .  The i n t e n t  of t h i s  s tudy  
i s  n o t  t o  develop an optimum s t r a t e g y ,  bu t  r a t h e r  t o  e s t i m a t e  
a q u a n t i t a t i v e  bound on t h e  e f f e c t  t h a t  v a r i a t i o n s  i n  p and CI 
could  have on a p l ane ta ry  m i s s i o n .  

v. NUMERICAL EXAMPLE FOR A 1 9 8 6  MARS M I S S I O N  

The c u r r e n t  b e s t  es t imates  of t h e  mass and shape 
parameters  f o r  Mars are given by J P L  (pe r sona l  communication 
wi th  D. L. Cain) as 
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3 2 
p = ( 4 2 ,  828.32 + . 2 )  km /sec - 

2 
u = (34, 109.3 + 78.) km - 

Trea t ing  t h e  u n c e r t a i n t i e s  as a c t u a l  e r r o r s ,  c a l c u l a t i o n s  were 
made f o r  a 1986 Mars conjunct ion m i s s i o n  us ing  

-6 - dP = +. 2 = + 4 . 6 7  x 10 - p 42,828.32 

+ -3 -7 8 = + 2 . 2 9  x 1 0  - da - - -  
u 34,109.3 

Mission parameters w e r e  taken from Reference 2 as follows: 

= 11,255 f p s  vA a r r i v a l  asymptot ic  ve loc i ty :  

ci = 358O.15 

6A = 22O.42 

VD = 12,516 f p s  

c1 = 300O.75 

6 D  = 2O.51 

A 

depa r tu re  asymptotic ve loc i ty :  

D 

P e r i a p s i s  a l t i t u d e  i s  chosen t o  be 200 nm and s t ay t ime  i s  
T = 580 days. 

E ight  cases w e r e  s e l e c t e d  from t h o s e  genera ted  by 
VanderVeen* (Ref. 2 ) .  These a r e  i d e n t i f i e d  i n  Table I by 
i n c l i n a t i o n  (i) and o r b i t a l  per iod  (P)  f o r  comparison wi th  
Ref. 2 .  Also l i s t e d  are t h e  r e s u l t i n g  v a r i a t i o n s  i n  t h e  
d e p a r t u r e  asymptot ic  ve loc i ty  vector  and t h e  magnitudes 

* I t  i s  shown i n  Appendix B t h a t  there are 6 4  can- 
d i d a t e  i n c l i n a t i o n s  t o  be obtained from equat ion  ( 1 0 ) .  Some 
of t h e s e  may have t o  be r e j e c t e d  because they  make equat ion  
(11) unsolvable .  



BELLCOMM, INC.  - 7 -  

of t h e  r equ i r ed  c o r r e c t i v e  impulses, as c a l c u l a t e d  i n  Appendix 
A. The va lues  shown i n  Table I correspond t o  dv and do having 
t h e  same s i g n .  I n  a l l  cases, c a l c u l a t i o n s  wi th  dv and do having 
oppos i te  s i g n s  r e s u l t e d  i n  numerical ly  smaller v a r i a t i o n s .  I t  
appears  from t h i s  l i s t  t h a t  e c c e n t r i c i t y  i s  t h e  dominant f a c t o r  
a f f e c t i n g  t h e  magnitude of t h e  corrective v e l o c i t y  impulse,  i n  
t h e  sense  t h a t  AV i n c r e a s e s  with dec reas ing  e. However, a s e a r c h  
f o r  a continuous r e l a t i o n s h i p  between AV, e, and I would be 
meaningless because only a f i n i t e  number of d i s c r e t e  park ing  
o r b i t s  i s  p o s s i b l e  (See Appendix B ) .  

V I .  SUMMARY 

The s e n s i t i v i t y  of t h e  p recess ions  of p l a n e t a r y  
park ing  o r b i t s  t o  u n c e r t a i n t i e s  i n  t h e  va lues  of t h e  p l a n e t ' s  
m a s s  and ob la t eness  parameters has  been determined. Navigation 
and maneuver execut ion  e r r o r s ,  as w e l l  as o t h e r  p e r t u r b a t i o n s ,  
w e r e  n o t  considered i n  t h i s  s tudy.  A ( n o t  n e c e s s a r i l y  optimum) 
one-impulse maneuver t o  compensate f o r  t h e  above u n c e r t a i n t i e s  
w a s  considered,  and t h e  corresponding v e l o c i t y  requirements  
w e r e  t hus  determined. 

Considering t h e  c u r r e n t  p r e c i s i o n  of  our  knowledge 
of t h e s e  two parameters  for  Mars, t h e s e  v e l o c i t i e s  are shown 
t o  va ry  between 40 f p s  and 365 f p s  f o r  va r ious  park ing  o r b i t s  
f o r  a 1986 Mars conjunct ion  mission wi th  580 days s tay t ime.  
Assuming a s p e c i f i c  impulse somewhere i n  t h e  range 350 t o  
450 seconds,  t h e  r a t i o  of requi red  p r o p e l l a n t  t o  s p a c e c r a f t  
t o t a l  weight i s  0.0028 t o  0 .0036 f o r  4 0  f p s ,  and 0.025 t o  
0.032 f o r  365 fps .  

I n  t h e  technique descr ibed  i n  t h i s  memorandum, 
t h e  park ing  o r b i t  i s  s e l e c t e d  from a d i s c r e t e  se t  of ( 6 4  
o r  fewer) o r b i t s  f o r  which t h e  nodal  and a p s i d a l  r o t a t i o n  
rates s a t i s f y  c e r t a i n  r e l a t i o n s h i p s .  Other o r b i t  s e l e c t i o n  
c r i t e r i a ,  such a s  a l t i t u d e ,  frequency of o v e r f l i g h t  of 
s e l e c t e d  reg ions ,  range of p l a n e t o c e n t r i c  l a t i t u d e ,  e t c . ,  
are t h e r e f o r e  cons t r a ined .  

H. B. Bosch 1 0  13-HBB-klm 

Attachments 
L i s t  of Symbols 
References 
Table I 
F igures  1 and 2 
Appendixes A and B 
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L I S T  OF SYMBOLS 

b 

d 

J2 

m 

P 

r 

R 
P 

T 

V 

vO 

a 

6 

AV 

A U  

A R  

0 

11 

w 

n 

approach o f f  set 

d i f f e r e n t i a l  ( r ep resen t ing  a s m a l l  change) 

o r b i t  e c c e n t r i c i t y  

u n i v e r s a l  g r a v i t a t i o n a l  cons t an t  

o r b i t  i n c l i n a t i o n  r e l a t i v e  t o  p l a n e t  equa to r  

second c o e f f i c i e n t  i n  s p h e r i c a l  harmonic expansion 
of g r a v i t a t i o n a l  p o t e n t i a l  

p l a n e t  m a s s  

o r b i t  per iod  

p e r i a p s e  r a d i u s  

mean e q u a t o r i a l  r ad ius  of p l a n e t  

s tay t ime 

asymptot ic  v e l o c i t y  

c i r c u l a r  v e l o c i t y  a t  r ad ius  r 

p l a n e t o c e n t r i c  r i g h t  ascension of asymptote 

p l a n e t o c e n t r i c  d e c l i n a t i o n  of asymptote 

P 

magnitude of c o r r e c t i v e  v e l o c i t y  impulse 

r equ i r ed  a p s i d a l  r o t a t i o n  

r equ i r ed  nodal  r o t a t i o n  

p l a n e t o c e n t r i c  ang le  between p e r i a p s e  and 'asymptote  

mass parameter: Gm 

shape parameter: J 2 R  

argument of p e r i a p s e  

r i g h t  ascension of ascending node 

2 
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L i s t  of Symbols Continued 

w - a p s i d a l  r o t a t i o n  r a t e  

s? - nodal r o t a t i o n  r a t e  

S u b s c r i p t s  

A - cond i t ions  a t  a r r i v a l  (approach) 

D - cond i t ions  a t  depar ture  
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FIGURE 1 - ORIENTATION OF PARKING ORBIT PLANE RELATIVE TO 
HYPERBOLIC EXCESS VELOCITY VECTOR 



(a) ARRIVAL 

(b) DEPARTURE 

FIGURE 2 - INPLANE RELATIONSHIP BETWEEN PARKING ORBIT AND ARRIVAL 
AND DEPARTURE TRAJECTORIES 



TABLE I. P e r t u r b a t i o n s  and Cor rec t ive  Veloc i ty  Requirements for 
f o r  E igh t  Se lec t ed  Parking Orb i t s  fo r  a 1986 Mars 
Conjunction Mission 

v 

69.2 

135.3 

133.2 

27.1 

86.4 

64.4 

115.9 

68.5 

20.4 

18.2 

10.4 

10.4 

5.9 

5.5 

4.1 

4.0 

e 

0.79 

0.77 

0.67 

0.67 

0.52 

0.49 

0.39 

0.38 

-0.18 

0.08 

0.21 

0.41 

-0.19 

-1.02 

1.58 

-1.57 

-0.07 

0.26 

0.47 

0.64 

-1.00 

-0.07 

-0.07 

-0.56 

AV 

( f p s )  

42 

59 

112 

166 

222 

223 

345 

364 
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APPENDIX A 

SENSITIVITY FORMULAS 

1. Sensitivity of the Initial Orbit 

The approach offset (see Fig. 2a) is given by 

Treating the precalculated number b as constant, the sensitivity 
of r to a variation in p can be calculated by differentiation. 
Thus 

P 

dlJ dr 
3 = - cose - r A F 1  P 

where eA is given by ( 3 ) .  

( 2 ) .  Differentiating this and ( 3 )  gives 
The argument of periapsis at arrival is given by 

The retroburn, which is executed on arrival at periapsis, 
has magnitude 

2 6 - vo avA = $7; + 2v0 
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where 

A- 2 

Trea t ing  AVA as cons t an t ,  t h e  d i f f e r e n t i a l  of t h i s  express ion  
y i e l d s  

2.  S e n s i t i v i t v  of t h e  F i n a l  Orbi t  

From t h e  r e l a t i o n s h i p  

RD = RA + hT 

w e  g e t  

dRD = dh T 

s i n c e  R~ i s  independent of p, 0, r 
and us ing  t h e  equivalence 

and e. D i f f e r e n t i a t i n g  (8 )  
P 

hT = A R  

g i v e s  
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A- 3 

I n  an analogous f a sh ion  w e  get 

dwD - - - [ (i+7 coseA) - du + 2- do U - [E2) de] + dwA 2 u 

3 .  S e n s i t i v i t y  of t h e  Departure Asymptote 

The hyperbol ic  excess v e l o c i t y  i s  given by 

Vo + AVD )' - 2v0 2 

where AVD r e p r e s e n t s  t h e  nominal r e t r o t h r u s t  a t  p e r i a p s i s  a t  
d e p a r t u r e  t i m e .  T rea t ing  t h i s  as cons t an t ,  d i f f e r e n t i a t i o n  
e v e n t u a l l y  g ives  

D i f f e r e n t i a t i o n  of (6 )  y i e l d s  t h e  a u x i l i a r y  formula 

1 + coseA 1 - dlJ -2 51 (A7) 
lJ vD 

1 + coseD 
deD - - 

D -tan6 
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From Figure 1, 

A- 4 

cos i = tan (aD -nD)/tan(uD+eD) 

Differentiation yields 

cos i 
daD = doD + 2 (dwD + deD) 

cos 6 D  

Similarly, from Figure 1, 

sin i = sinsD/sin(w + eD) D 

so  t h a t ,  after differentiating, 

= 4 1  - cos 2 i/cos 2 d D ’  (dwD + d w D )  
d6D 



. 
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APPENDIX B 

MULTIPLICITY OF PARKING ORBITS 

A s  t h e  s p a c e c r a f t  approaches (or  d e p a r t s )  t h e  
t a r g e t  p l a n e t  t h e  only geometric cond i t ion  r equ i r ed  of t h e  
park ing  o r b i t  i s  t h a t  i t s  plane con ta in  t h e  approach (o r  
depa r tu re )  asymptote. This leaves t h e  o r b i t  i n c l i n a t i o n  
t o t a l l y  f r e e  and several condi t ions  can be imposed, a s  
fol lows:  

Whatever t h e  numerical va lue  of t h e  i n c l i n a t i o n  
may be,  t h e r e  are always t w o  o r b i t  p lanes  of t h e  same i n c l i -  
n a t i o n ,  bo th  con ta in ing  t h e  approach asymptote. The ascending 
node i s  i n  t h e  nea r  hemisphere f o r  one of t h e s e  and i n  t h e  f a r  
hemisphere f o r  t h e  o t h e r  ( a s  seen from t h e  approach d i r e c t i o n ) .  
Thus t h e r e  a r e  t w o  p o s s i b l e  values  f o r  QA (see equat ion  (1)) 
which d i f f e r  by 180'. I n  an analogous f a sh ion  t h e r e  are t w o  
p o s s i b l e  va lues  f o r  QD (equat ion ( 4 ) ) ,  a l s o  d i f f e r i n g  by 180'. 

Next, it i s  p o s s i b l e  t o  s p e c i f y  whether t h e  r o t a t i o n  
from R A  t o  QD should be accomplished i n  less than  one revolu-  

i . e .  whether A Q  = RD- R t i o n  or more than  one -- 
360' + RD- QA. 
motion of p e r i a p s e  -- i .e.  whether Au = oD- oA or Ao = 360' 

+ o -  These choices  may depend on t h e  d e s i r a b i l i t y  of 
a slower passage over  a c e r t a i n  reg ion ,  o r  i f  a p a r t i c u l a r  
area i s  t o  be overflown more than once ( say ,  t o  observe a 
s easona l  change).  

or  A R  = A 
The s a m e  t h ing  can be s p e c i f i e d  f o r  t h e  

D WA' 

F i n a l l y ,  examination of equat ions  ( 8 )  and ( 9 )  
shows t h a t  t h e  d i r e c t i o n  i n  which t h e  ascending node w i l l  
t r ave l  around t h e  equa to r  is r e l a t e d  t o  t h e  i n c l i n a t i o n .  
Thus h < 0 i f  0 < i < 90' and ;1 - > 0 i f  90' - < i - < 180'. 
S i m i l a r l y ,  t h e  d i r e c t i o n  of p e r i a p s i s  p recess ion  can be 
chosen so  t h a t  > 0 i f  0 - < i < 63.4' or 1 1 6 . 6 ' <  i - < 180°, 
o r  k < 0 i f  63.4' < i < 1 1 6 . 6 O .  

- 
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Thus there are 64  p o s s i b l e  i n c l i n a t i o n s  which may 
be obta ined  from equat ion  ( 1 0 )  by s e l e c t i n g  one of t w o  op t ions  
f o r  each of s i x  parameters  -- t h e  l o c a t i o n  of t h e  ascending 
node (1) a t  a r r i v a l  and ( 2 )  a t  depa r tu re ;  t h e  number of  
r e v o l u t i o n s  of ( 3 )  t h e  ascending node and of ( 4 )  p e r i a p s i s ;  
and t h e  d i r e c t i o n  of motion of (5 )  t h e  ascending node and 
of ( 6 )  p e r i a p s i s .  

The above cond i t ions  only s e r v e  t o  determine t h e  
o r i e n t a t i o n  of t h e  parking o r b i t .  The shape (o r  s i z e )  of 
t h e  o r b i t  has  t o  be determined by c a l c u l a t i n g  an  e c c e n t r i c i t y  
which sa t i s f ies  equat ion  (11). Since  only nonnegative so lu-  
t i o n s  (e > 0 )  can be considered,  some of t h e  6 4  candida te  
i n c l i n a t i o n s  may n o t  l e a d  t o  meaningful s o l u t i o n s .  

I n  summary, for  any given approach asymptote and 
d e p a r t u r e  asymptote, there a r e  up t o  6 4  d i s c r e t e  park ing  
o r b i t s  which s a t i s f y  t h e  mission. 
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